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Abstract 
In this work, hydrogel of polyacrylamide (PAAm) was obtained by free radical polymerization of acrylamide (AAm) 
in the presence of N,N'-methylenebisacry1amide (MBAAm), in aqueous media. The hydrogels were cut and dried 
before to be used in saturated fuels.  Saturated blends of biodiesel and diesel were mixed in appropriate amounts to 
form B0 (0% biodiesel and 100% diesel by volume), B20, B40, B60 and B100. A large study was done to synthesize 
an absorbing material to have appropriated characteristics to be used as water absorbing of fuel samples. The most 
suitable material must present high swelling ratio combined with an enough density of cross-linked structure that 
enables handling the material. The dried hydrogels were added to the saturated biodiesel, diesel and blends. The 
results showed that, for saturated diesel (B0), the water content was reduced down to 85 ppm from 220 ppm 
(reduction of 60% of water content). The reductions of water content for B20, B40 and B60 were 58, 57 and 64%, 
respectively, after 240 min of treatment with hydrogel. 
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1. Introduction 
Fuels can incorporate water during the production, transportation and storage. The water content in 
biodiesel and diesel fuels can be classified in free, emulsionated and soluble water. The solubility of 
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water is dependent on temperature and composition of the fuel. Therefore, the hygroscopic nature of the 
biodiesel can lead to an increase in soluble water content during the storage. Biodiesel has the 
characteristics of absorbing more moisture than petroleum diesel, since fatty acid methyl esters are 
hygroscopic compounds, making the biodiesel much more hydrophilic than the regular diesel [1]. The 
maximum amount of allowed water content in biodiesel as specified in ASTM standard D6751 is 500 
ppm [2]. After the biodiesel production, the method to reduce the water content level below 500 ppm 
involves heating the wet biodiesel at 50ºC for 1 hour, requiring energy for heating [3]. However, even the 
biodiesel presents the water content specification after its production, water absorption occurs throughout 
the storage time, and this fact is intensified depending on the temperature and moisture of the 
environment. The presence of water in biodiesel and diesel fuels causes biological growth in storage 
tanks. This fact could lead to corrosion of metals (especially iron and steel), formation of sludge and 
slime, thereby causing blockage of fuel filters and fuel lines, which could in turn damage vehicle fuel 
injection system [4-6].  
It is important to find alternative methods for removing water from biodiesel, diesel and blend fuels 
instead of energy-expensive processes such heating, in case of removing water from biodiesel, and salt 
columns, in case of removing water from diesel fuels.  One alternative is to use a water absorbent 
material.  
The reason for investigating the use of hydrogels for removing water from biodiesel, diesel and blends 
is based on the advantages that hydrophilic hydrogels particles swell in presence of a good solvent and 
soak the solvent (water in this case) into the cross-linked matrix of the particle. 
Hydrogels are three-dimensional networks of hydrophilic polymer chains, which can absorb and retain 
a large amount of water. The extent of swelling is a unique property of microgel particles [7]. Their 
properties make them useful in a variety of fields including the oil recovery, molecular separation, 
environment sensitive display devices, biomedical and pharmaceutical applications [8, 9]. In this study, 
microgel particles have been investigated aiming to remove water from saturated biodiesel, diesel and 
blends fuels. 
 
Nomenclature 
B100  Net Biodiesel sample 
B60                      Blends of 60 vol% of biodiesel and 40 vol% of diesel fuel 
B40                      Blends of 40 vol% of biodiesel and 60 vol% of diesel fuel 
B20  Blends of 20 vol% of biodiesel and 80 vol% of diesel fuel 
S50  diesel with < 50 ppm sulphur especification  
AAm  Acrylamide 
PAAm  Polyacrylamide 
MBAAm  N,N'-methylenebisacry1amide 
PP  Potassium Persulfate  
TEMED  N,N,N’,N’-tetramethylethylenediamine  
W  Swelling ratio 
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2. Materials and Methods 
2.1 Materials 
All the experiments were performed employing fuel samples from typical commercial Brazilian 
biodiesel (90% of esters from edible soybean oil and 10% esters from edible beef tallow, 98.0% of total 
esters) and S50 diesel with 10 parts per million (ppm) as sulphur specification. The commercial fuel 
samples were obtained from Petrobras-BR. 
The materials needed for the synthesis of hydrogels are Acrylamide (AAm) 98% (Sigma-Aldrich), 
N,N´-methylenebisacrylamide (MBAAm) 99% (Sigma-Aldrich), Potassium persulphate 99% (Sigma-
Aldrich). Hydranal Titrant 2 and Hydranal Solvent Oil were purchased from Sigma-Aldrich.  
 
2.2 Blends of saturated biodiesel-diesel  
Blends of biodiesel and diesel were mixed in appropriate amounts to form B0 (0% biodiesel and 100% 
diesel by volume), B20, B40, B60 and B100. These blends were saturated with water by mixing 70 mL of 
fuel (blend) with 10 vol% of distilled water. The mixture was shaken vigorously for 30 min to ensure 
proper contact between organic and aqueous phases and then it was settled for 24 h. The saturated organic 
phases were separated from the aqueous phase. The ambient relative humidity in all experiments was 
between 35 and 40%, at 20ºC. Samples of all blends were carried out in duplicate.  
 
2.3 PAAm hydrogel synthesis 
 The hydrogels of PAAm were synthesized by free radical polymerization of acrylamide (AAm) 
in the presence of N,N'-methylenebisacry1amide (MBAAm), in aqueous media. Hydrogels of different 
reticulation ratio and swelling capacity were synthesized (see Table 1). 2.0 to 8.0 wt% of AAm (in 
relation to the total water content), 1.0 to 4.0 wt% of MBAAm (in relation to the AAm wt%) and 3.38  
mmol.L-1 of PP were dissolved in water and the solution was deoxygenated by bubbling N2 during 10 
min. Soon after, 3.21×10-3 mol.L-1 TEMED was inserted in this solution and the deoxygenating was kept 
until the formation of gel (lesser than 5 min).   The system was kept at room temperature. The hydrogel 
formed was removed from the recipient and cut into smaller pieces and dehydrated. After, the dehydrated 
hydrogels were used directly to remove water from fuels.  
 
2.4 Swelling measurements 
Each sample of hydrogel was placed into distilled water for swelling at room temperature. Swelling 
process was controlled by weighting. The ability for swelling was expressed as the swelling ratio, W, via 
Eq. (1) in which M1 and M2 are the weights of swollen and dry samples: 
W = M1 /M2      (1) 
 
2.5 Karl Fischer measurement 
The volumetric Karl Fischer technique was used to determine the water content in biodiesel and diesel 
and biodiesel/diesel blends. In this study, a Titrando 841 Karl Fischer from Methohm was used. The 
reagents used (Hydranal Solvent Oil and Hydranal Titrant 2) were purchased from Sigma-Aldrich. 
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3. Results 
3.1 PAAm hydrogels 
 
For the choice of the more suitable PAAm hydrogel for removal water from the fuel samples (biodiesel 
and diesel fuel), a large study was carried out, where different hydrogels have been produced with 
different proportions of AAm monomer and MBAAm cross-linking agent. For the purpose of the 
research, the absorbing material must present some appropriated characteristics such as high swelling 
ratio combined with an enough density of cross-linked structure that enables handling the material. 
Density of the cross-linked structures depends on the component ratio in the polymeric complex. With 
an increase of PAAm content (5.0 to 8.0 wt%) combined with higher amounts of MBAAm (3.25 to 4.0 
wt%, in relation to AAm weight), the number of contacts between functional groups of polymers and 
therefore density of cross-linked structure increases and water absorbing ability decreases (Table 1). The 
hydrogel is denominated as “fragile or brittle” (H3 and H4) when the densitiy of cross-linked structure is 
too increased and, consequently, the water absorting ability decreases. On the other hand, when the 
hydrogels present a large increase in water absorbing ability, as H1 and H2, their densities of cross-linked 
structures are low and insufficient  to use these materials as water absorbing of fuels. The more suitable 
hydrogels synthesized to be  used as water absorbing material to removal water from biodiesel and diesel 
were the hydrogels H6 and H9. Those include enough swelling ratio (14.5 to 15.4) and density of cross-
linked structures (suitable for handling).  
 
Table 1. PAAm hydrogels, swelling ratio (W) and  mechanical characteristics. 
 
Hydrogel AAm (wt%) MBBAm (wt%)     W Handling feature 
H1 2.0 1.0 25.0 Null 
H2 2.0 4.0 22,0 Null 
H3 8.0 1.0 10.7 Fragile 
H4 8.0 4.0 9.16 Fragile 
H5 5.0 2.5 13.8 Resistant 
H6 5.0 2.5 15.4 Resistant 
H7 5.0 2.5 14.0 Resistant 
H8 3.5 3.25 13.7 Resistant 
H9 4.0 3.25 14.5 Resistant 
 
3.2 Water absorption from biodiesel, diesel and blends 
Once established the suitable hydrogels to be used in the research, they were used to absorbing water 
from B100 saturated samples. Three concentrations of H9 (8, 10 and 20 mg/mL) were set into three 
different mixers containing B100 saturated at 30 °C. Figure 1(A) shows that  B100 sample containing 10 
mg/mL of H9 presented a decreasing of water content from 2200 ppm to 800 ppm of water in 3 hours. 
The B100 sample containing 20 mg/mL of H9 showed a quickly decreasing of water content, and the 
B100 sample containing 8 mg/mL showed a slower reduction of water content and lesser efficiency than 
others. Thus, for the following experiments, the concentration of hydrogel was set in 10 mg/mL.   
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Figure 1 (B) shows the decreasing of water content of B100 saturated samples at 30 and 50ºC. It is 
observed that in the first three hours there was a significant reduction of water content for both samples, 
at 30 and 50ºC. However, considering the experimental error, decreasing of the water content was 
considered similar for both samples at different temperatures. These results prove that the capacity of 
absorption and water retention of the PAAm hydrogel is, practically, independent of the temperature.  
 
  
(A) (B) 
Fig. 1. (a) Concentrations of H9 (8, 10 and 20 mg/mL) in B100 saturated samples, at 30 °C. ; (b) Variation of water content of B100 
saturated samples at 30 and 50ºC.  
Biodiesel is a fuel comprised of mono-alkyl esters of long chain fatty acids derived from vegetable 
oils or animal fats. The typical Brazilian Biodiesel is constituted of 90% of soybean esters and 10% of 
beef tallow esters.  However, the hydrophilicity  of both fuel (diesel and biodiesel) is different due to the 
presence of ester bonds in the biodiesel fuel which gives it a higher absorption capacity of water. Thus, 
the addition of biodiesel in diesel increases the water holding capacity of blend, as evidenced by initial 
water content of the blends at 30ºC (Figure 2 (A)).  Figure 2 (A) shows that, for saturated diesel (B0), the 
water content was reduced down to 85 ppm from 220 ppm (reduction of 60% of water content). The 
reductions of water content for B20, B40 and B60 were 58, 57 and 64%, respectively, after 240 min of 
treatment with hydrogel.  
The reduction of water content in diesel fuel sample was also verified with addition of hydrogel in two 
stages: in the start of the experiment and after 60 min (Figure 2 (B)). The reduction of water content was 
intensified after the second addition of H9, and the minimum water content in diesel was measured as 66 
ppm. It means a reduction of 30 % of water content, even in a sample that presented, initially, reduced 
water content (95 ppm).   
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 (B) 
Fig. 2. (A) Variation of water content of B100 and B60 saturated samples at 30ºC. (B) Variation of water content of diesel fuel (B0) 
saturated sample at 30ºC. Extra addition of H9 after 60 min. 
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